patients with substantial preoperative back pain are often recommended for a stabilization procedure or fusion in addition to decompression.
In a recently published guideline update regarding the surgical treatment of spinal stenosis, Resnick et al. 18 stated that prospective patient registries may identify a specific subgroup of patients with routine lumbar stenosis who may benefit from lumbar fusion in addition to decompression. This expectation may or may not be realistic. Registries are advantageous in that they reflect existing treatment in standard clinical practice. However, they often lack the granularity necessary to answer specific questions. 9, 13 Our study attempts to explore the question of whether patients with substantial preoperative back pain may improve with decompression-only surgery, or whether they necessarily require a more extensive and expensive surgical approach.
Methods
The National Neurosurgery Quality and Outcomes Database (N 2 QOD) is a prospective, multicenter, quality assurance program with a substantial infrastructure to optimize data integrity and validity. The structure and methodology of the N 2 QOD registry have been reported elsewhere. 2, [12] [13] [14] The first 6 patients scheduled for lumbar surgery for a given week are identified and asked to complete questionnaires during their visit, by mail, or by telephone. Each enrollment week has a different start date that is standard for all sites. This sampling method prevents a disproportionate volume of enrollment from one surgeon's schedule at each site. There are currently 1128 surgeons participating across 79 sites in the United States.
Patient enrollment is based on well-defined diagnostic criteria, as assessed by the treating surgeon, and includes disc herniation, recurrent disc herniation, spondylolisthesis, stenosis, adjacent-segment disease, and mechanical disc collapse. Patient demographics, surgical parameters, and complications are collected by on-site data extractors. Follow-up questionnaires, which include questions on medication use, return to work, and patient-reported outcomes, are collected at 3 months (± 2 weeks) and 12 months (± 4 weeks) after surgery. No radiographic data are collected.
The database was queried in October 2014 and identified 845 patients with a diagnosis of lumbar stenosis and a baseline back pain score ≥ 5 of 10 who underwent a decompression procedure without fusion. As part of the criteria for enrollment, all patients with a diagnosis of stenosis are primary cases and the revisions were excluded. A threshold back pain score of greater than or equal to 5 was chosen to represent the median on the 1 to 10 numeric rating scale. In the database, 294 patients with a primary diagnosis of stenosis had a back pain score < 5 and were excluded. None of the included patients were reported to have significant spondylolisthesis, scoliosis, or sagittal malalignment.
Standard demographic and surgical variables were collected. Patient-reported outcomes, including back and leg pain numeric rating scores (0-10), Oswestry disability (version 2.1), 8 and EuroQoL 5D (EQ-5D), 7 were collected at baseline and 3 and 12 months postoperatively. As part of the registry data, information on the patient's predominant complaint was available. The cohort was then classified into 3 groups: back pain-predominant (BP-Dominant) group, leg pain-predominant (LP-Dominant) group, and back pain equal to leg pain (BP = LP) group. The proportion of patients who achieved the minimum clinically important difference (MCID) 4 within each subgroup was also determined.
Statistical analysis was carried out using IBM SPSS software (version 21.0). To account for multiple concurrent analyses, significance was set at p < 0.01 for all comparisons. One-way ANOVA was used to determine any significant differences between the continuous demographic variables and compare the preoperative and postoperative health-related quality-of-life scores among the 3 groups, and the Fisher's exact test was used to compare categorical variables among the 3 groups.
results
Of the 845 cases eligible for follow-up, 726 (86%) had 12-month data available. The mean age of the cohort was 65.6 years, and 407 (56%) patients were male. The mean body mass index was 30.2 kg/m 2 (range 13.1-53.1 kg/m 2 ). Smoking status was as follows: 50% (326) of patients reported being nonsmokers, 30% (221) were former smokers, and 18% (128) were current smokers. Of these 726 patients, 294 (40%) underwent 2-level decompression, 208 (29%) underwent 3-level decompression, 177 (24%) underwent 1-level decompression, and 47 (6%) underwent 4-level decompression. The mean estimated blood loss was 130 ml (range 0-2400 ml). The mean operative time was 100.85 minutes (range 21-387 minutes). The vast majority of discharges (88%) were routine home discharges (Table 1) .
At 3 and 12 months postoperatively, there were significant improvements from baseline for back pain (7.62 to 3.19 to 3.66; p < 0.001), leg pain (7.23 to 2.85 to 3.07; p < 0.001), EQ-5D (0.55 to 0.76 to 0.75; p < 0.001), and ODI (49.11 to 27.20 to 26.38; p < 0.001). Mean back pain slightly increased from the 3-month to the 12-month follow-up (p = 0.002) ( Table 2) .
When patients were grouped by the number of levels decompressed, there were no significant differences between groups for baseline back pain, change in back pain at 3 months, or change in back pain at 12 months. Baseline leg pain was lower in the patients who underwent decompression over 4 levels. For ODI and EQ-5D, there were no significant differences between groups for baseline scores or postoperative change in score (Table 3) .
When patients were stratified by the dominant symptom, all groups reported significant postoperative improvement in back pain, leg pain, EQ-5D, and ODI. Ultimately, at the 1-year postoperative follow-up, the LP-Dominant group had less back pain and better EQ-5D and ODI scores than the BP-Dominant and BP = LP groups (Table 4) .
Similarly, fewer patients in the BP-Dominant group reached MCID 4 for leg pain improvement at 1 year (Table  5) . However, the majority of patients in all groups reached MCID 4 at 1 year for ODI improvement, leg pain improvement, and back pain improvement (Table 5 ).
Discussion
The results of the current study suggest that a high level of preoperative back pain (> 5 of 10) should not be a contraindication to decompression-only surgery in patients who otherwise are candidates for surgical decompression of symptomatic lumbar stenosis. Although the LP-Dominant patients ultimately had better 1-year postoperative scores, even the BP-Dominant patients had clinically significant improvements in all outcome measures, including back pain. While these findings are somewhat at odds with the frequent proposition that preoperative back pain is a poor prognostic factor and/or contraindication to decompression-only surgery, the data suggest the need for reconsideration of our existing assumptions.
In 2009, Kleinstück et al. reported on 221 patients from the European Spine Tango registry. 10 The authors concluded that greater back pain relative to leg pain at baseline was associated with significantly worse outcome at 1 year after decompression surgery. Despite showing a medium effect size with multiple logistic regression analysis, the dichotomous analysis showed that patients with a "good" global outcome had preoperative back pain intensity of 4.3 ± 3.1 versus 5.3 ± 2.9 in the "poor" global outcome group. Additionally, 62% of patients who reported back pain as their major preoperative symptom had a "good" global outcome versus 80% of the patients who reported leg pain as their major preoperative symptom. 10 Although the study supports the conventional wisdom (i.e., on average, patients with less preoperative back pain do "better" following decompression surgery), it is not clear that patients with significant preoperative back pain should be denied decompression-only surgery as the majority of patients had a "good" outcome and the overlap of preoperative back pain between the "good" and "poor" groups was substantial.
In 2015, Röder et al. 19 reported 50 matched pairs of patients from the SWISSspine registry (decompression plus interspinous process device) versus the Spine Tango registry (decompression-only controls) with preoperative back pain ≥ 5 of 10. At 7 to 9 months of follow-up, the interspinous process device group had greater improvement in back pain (3.8 vs 2.5) and leg pain (4.3 vs 2.5). In the decompression-only group, 60% of patients reported significant improvement in back pain. 20 The major limitation of the study was comparing groups from 2 different registries. In the current study, back pain improvement (7.6 to 3.7) more closely matched the improvements seen in the group with an interspinous process device.
The strengths of the current study include the large number of patients from a prospective, multicenter database, which makes the findings generalizable. The limitations include the lack of granular data regarding the radiographic specifics of the spinal pathology. Data regarding spinal stability, alignment, and characterization of stenosis were not available. As per the N 2 QOD methodology, the treating surgeon identified the primary diagnosis as lumbar stenosis, but neurogenic claudication versus radiculopathy was not stratified. The treating surgeon made the determination to proceed with decompression-only surgery, and therefore it may be assumed that no clear indication for stabilization or fusion was identified preoperatively. No patient in this series was reported to have spondylolisthesis or scoliosis. Likewise, specifics regarding surgical technique (e.g., laminotomy vs laminectomy, unilateral vs bilateral, tubular retractor vs midline) were not available. Although the previous literature does not support a clear difference in outcome based on the type of decompression, 16 these are potentially relevant variables. Another limitation is the lack of longer term followup. In the current study, the average back pain did slightly increase from the 3-month follow-up to the 12-month follow-up. The durability of the improvements beyond 1 year will require longer follow-up. Although prior studies do support the durability of lumbar stenosis surgery over many years, 1,11 the durability of the improvements beyond 1 year requires longer follow-up. Certain patients may develop postdecompression instability and/or progressive degeneration of the decompressed segment(s). Data regarding potential revision surgeries in this cohort were not available. It is conceivable that concomitant stabilization would "protect" the operated segments and lead to better long-term outcomes. Of course, the theoretical risks of nonunion, loss of fixation, and adjacent-segment degeneration would need to be less than the risk of progressive "same segment" deterioration for the benefits of stabilization to be realized. The addition of fusion or stabilization to the initial decompression surgery may ultimately benefit a certain group of patients with lumbar stenosis. The current study cannot determine if the addition of fusion would have led to a greater improvement in the outcome scores for specific patients in the series. It is likely that certain lumbar stenosis patients from the participating centers met the surgeon's criteria for fusion and therefore were not included in the current series of decompression-only patients. Patients who required destabilizing facet resection and/ or spinal realignment to decompress stenosis may have been indicated for fusion and therefore would not be included in this series. Additionally, the residual leg pain in the patients in the current study may have been improved by more aggressive decompression that is facilitated by concomitant fusion.
The large number of patients with significant back pain who underwent decompression only at these centers suggests that preoperative back pain was not a primary indication for fusion or stabilization. One possible explanation is that the surgeon was able to differentiate between the type of "back pain" that may be due to muscle spasm or nerve irritation that the surgeon expected to get better with decompression only and the type of "back pain" for which the surgeon would typically recommend stabilization or fusion or nonsurgical management. The concept of relieving back pain by relieving stenosis may explain the greater improvement in back pain in the LP-Dominant group. Likewise, it is possible that certain patients with unrecognized preoperative instability or postdecompression instability were lost to follow-up and/or underwent revision surgery.
Measuring outcomes in spine surgery is undoubtedly complex. Outcomes research has evolved from surgeon assessments to patient-reported outcomes that introduce potential errors and biases such as response shift. Postoperative patients, now relieved of their stenosis symptoms, may place a different "value" on their "back pain" even though no true difference exists. It is also somewhat difficult to predict how an individual patient will categorize "buttock pain" (i.e., some patients may consider pain in the buttock area to be "leg pain" while others may consider it to be "back pain").
Despite the acknowledged limitations, the strength of the current registry study is identifying knowledge gaps based on current "real-world" patient data using current "state of the art" patient-reported outcomes. The current study sheds significant light on the 1-to-10 numeric rating score for "back pain" that is widely used in the current spine literature, and thereby may help further the understanding of patient-reported outcomes following spine surgery.
conclusions
The current study shows that "back pain" relief can be obtained with decompression-only surgery in appropriately selected patients with symptomatic stenosis. Future studies are needed to identify the specific preoperative factors that predict the failure of decompression-only surgery and thereby justify the increased complexity and cost of fusion or stabilization during the surgical decompression of lumbar spinal stenosis in the absence of significant spondylolisthesis or scoliosis. 
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